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(54) Methods and devices for performing analysis of a nucieic acid sample 

(57) An automated instrument and method for 
nucieic acid analysis is provided. The automated instru- 
ment is an integrated system including a sample 
processing station, a first reaction module, a second 
reactk>n module, a detection module and a control mod- 
ule for performing homogenous screening of broad spe- 
cificity and multi-detection reactions on a nucleic acid 
test sample. The nucleic acid analysis performed in the 
instrument includes the steps of conducting a first test 
reaction using a low detection fomiat, and if necessary, 
a selected second test reactk>n using a high detectforr^ ^ 
format, detecting signals generated from the test reac- 
tions and processing signal data in a control module. 
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1 EP1 045( 

Descripti n i.. : 

BACKGROUND OF THE INVENTION 

1. TECHNICAL FIELD 5 

[0001] • The field of the invention relates to methods 
and devices for conducting analytical or biological sann- 
ple testing, such as, for example, for the purpose of 
identification of microorganisms or viruses in a test io 
sample, and/or the susceptibility or resistance of the 
microorganisnDs or viruses to drugs.nThe invention:, is 
particularly related to the field of methods and devices 
for detection and analysis of nucleic acids present.in:a 
biological test sample. .... 'J^ 

2. TECHNICAL REVIEW . .r v : : b • : .\ 

[0002] Nucleic acid examination is a continually : 
emerging .area for test sample analysis including invssr 
tigating genetic sequence, and (expression:- Initially, a . : 
test sample from a human patient orjother sourcais iso- wy 
lated and target nucleic acids in -the. sample ara ^amplfe 
fied to increase the number of, copies to, allovv the test^ . v^^- 
sample to be analyzed. The copies.rof target sequences., 23 
are then hybridized to one or more complementary oli- . ^ 
gonucleotide probes in solution or In combination with a- 
solid support incorporating complementary probes to 
form a hybridization complex. A detector probe may , : 
also be hybridized to the target sequences, under sonne - so 
reactions. Detection and identification of,.the hybridiza- ^ / 
tion product is achieved when a signal is generated, from v 
the hybridization complex formed. By amplifying nucleic , , 
acid sequences, information about the presence orr 3 . 
absence of microorganisms is obtained from the sample r 35 
without resorting to culturing, microorganisms. , y . ^ 
[0003] : An amplification method is described in U.S.* > 
Patents 4,683,195 (Mullis) and 4,6a3,202 XMullis), ;in-_. 
which a polymerase chain. reaction (P.pB): utilizes.^ 
polymerase, rcomplementary^primsn-imojeculps anc?::::r^o 
repeated cycles vof-thermaL.r^actions to exponentially p,-,^ 
replicate rtarget nucleic acid t molecules: .U.S.j ^Patent ,.^k^ 
5,792,607. (Backman). describes arriprrfication metiipds,^^: o 
referred to as llgase chain reactions (LGR); U^. P^ttent^ , fr 
6,744^1,r (Firai?er); 5^648.231^ (f^iser^ and. 5^ 
(Lohman), describe-isothemialr.ampliflca^on, s^^^ 
based on .strand displacement amplification <SDA).rSe^. -,c, 
also. Walker,, et al., Nuc, Acids, Res. 20^ 169^17369^- ,^ 
(1992) U.S. Patents 5,437,900 (Burg) and EP 3^.960..,.;-, 
(Gingeras), describe isothenTi.aliamplification.,SViH!Othe5f,^^ 
nucleic acid amplification methods .are described; in U.S. . ^- s 
Patents 5,399,491 (Kacian) and. 5,409,818 .(Dayey^ 
Each and all references noted, above tareJncorpp.|;ate.d n :o 
herein: by reference together with allfpther .patents and ^ 
literatyre^references.cited herein.,:^ v.,. j;.' ^ v- : \.Vjir . -^nu'c^ 
[0004] Hybridization techniques ,.have,.%.>een . . 
d scribed for exampi , in U.S. Pat nts 4,563,419 
(Ranki) and 4,851,330 (Kohne) and in Dunn, et al., Cell 
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12, pp. 23-26 {1978)_. among many other publications. 
Various modifications to the hybridization reactions are 
known in the art including in solution hybridization or to 
capture probes on a solid support in one or more reac- 
tion steps. > 
[0005] Detection methods described in U.S. Patent 
4.486,539 (Kourlisky); 4,411,955 (Ward) 4,882,269 
(Schneider) and 4,213,893 (Carrico), illustrate prepara- 
tion of labeled detection probes for detecting specific 
nucleic. acid sequences. Detectable labels have been 
conjugated, directly or indirectly through linker amis on 
either the base, sugar or phosphate moiety of one or . 
more specific oligonucleotides. Labels known Jn the art 
include fluorpchromes, r;adioisotopes, dyes, enzymes 

: such; ,as :,alka!ine phosphatase, and, luminescent or 
chemiluminescent molecules. The detector probes may 
bind to the amplified nucleic acid reaction products or 
ampjiconss «The^. amount 5 of V signal jdetected from the 
labeled; detector probes after hybridization to amplicons. 

- reflects -,the ,-presence or- absence. ,qf : .amplicpns ^ and 
therefore of <>no o|: mpr^ selected target nucleic acid in. , 
the pitgjnal tefftiSample., , ,-VKfr,r, ^ 4 - « . . . - ^ ... 
[0006] In general, anrtplltyjng known, starting, quanti-.. 
ties Qfr^tpdRternal cpRtrol in a sample, then hybridizing; 

>with^detQCtc^v probes having an opposite . sequence^ pr^ 
sense tp:form-a cornplex w^^ the internal control anripli-; 
cons and Tf inal^y. detecting , signal .generated provides , 
one .mjBthpdjto penriitjhe qualitative and quantitative 
determination of target nucleic acids In a test sample., 
[0007] to . determine .the 

amount ot target, present in the test sample are 
describedJn^U.S. Patents 5,21 3^961 (Bunn); 6,476,774 
(Wang);-5,7q5,365 (Ryder) and 5,457,027, (Nadeau). , 
[00081 Nucleic acid detection Idts are commercially 
available and employ some of the above^referenced 
amplification, hybridization, . labeling , detection and. 
quantitation, techniques. For example, an Hiy assay 
which detects amplified nucleicacid Is descritjed In U.3 . 
Patsnt.6^559-662.(Re^ et al, ^ VirpL 

J^et^^s 66^^99^269-292 (49^^ Kits which achieve 
such^^ljtic^^pn^o^ include the Chi-- 

ron QUAiyi;j%E^^ DjsjA,and Organon Teknjka 

NASBA^QX.r,i"^,^^^^ ■ J" ;i^^-.r'^. • W.- V. - \ 

[0009J .A ^frt,}^^^ in' 
|J.S.^^^rrt. 5^64^^^ and.nucleic^^ ]for^; 

mycoSl.. Jeria.4e^trn^ .descrjb.e.d inyU.S.^Pate^ ' 
5,58^^i(i^4abi!^)'4^.31^ 

[aaiOjr j^-Nucleic acic^;.sequenc^e.^anilysis,;Qa^ be^ 
divided into two different categories: iimited^detection or* 
low .dst^ipn. foTOats^^ and.,niu!ti-detMtion,.o^ high 
deteq(|pW fomna^ distinctioh is tlie^ number 
cific jbata signals /or^responses that can b^ obtaihejcl 
from|he forjpats. vi v/ • v.. . ^ 

.5001 11. " EP .0. 875^ 584. descrities .an. jn^rurnent that , 
use3„aJ'iow^d^^ single^type of'fUior^s- 

cent l^el bpund a !^eteStjon{prpb^^^ be measured 
to d tegjiipg^^^^ 



2 



3 



EP 1 045 036 A2 



4 



acids in the test sample. By sequentially using this tech- 
nique,- the instrument has been shown to be able to 
measure at least two specific targets In a test sample. 
Alternatively; multiple labels can be measured in a 
screening assay simultaneously (eg; fluorescent or 5 
luminescent labels with dHferent emission properties). 
However for practicaJ reasons, the number of target 
analytes that can be measured in a screening assay - 
remains less than ten. These techniques are consid- 
ered included In the category ot'low detection formats. 10 
[0012] * The design or selection of a test panel -in a 
low detection fonnat will be detemiined in part by cus- 
tomer need, by disease Incldence-ih a partfcularloca- 
tion, ' by "the prevalence* of co-infection ^ of 
microorganisms and/or viruses and environmental cbri^ - 15 
ditions to harne but a few; While low resolution dr-l6w=>'' - 
detection formats such as nucleic- acid 'detection klt6 - ''^' 
noted above are useful in detec*ihg-the presence of 'a 
conserved or limited number of target sequenc»s;^%e^^ ^^^^ 
tests hav^ been less effective for dbtaihmg higher ^levels' '-^^ 
of data or detail about' teiget^iiucleie' aads 
needed for analysis of a particular variantv^ts^cfrug^aSs- ^J"- 
ceptibilrty Sr presenaB of 'a mutation:' {fjO{.v;} 
[OOISJ-- T^^^ cateigory' df ahalytfcSf^mtethbds 

is a ' mCllti-^etecn"!^ high • deteftton* fbrrnafe^^ 
methods are cap^fe of prtSvldhg'more'diBtalterf lhfor--'- 
mation atiout the tar^6t amplteonsjl^ ex^^ thfe ig " ''^ 
the rairerse dot-blot fechniqtre, wherein-' riudeic adds- 
are hybridized to mLiftlple com^lenhentary pr6bes1m/no- 
bilized on a mafrix. After staining,' th6 multiple 'sections - 
that become presence of cbrripfe- 

mentary tar^et(s)J Another technique provides a -light---- 
directed, spatially addressable mktrix'or amay-bn whlch^ "- ' 
is depositeid numerbus'oligoriucleotides: ' • {i:Cr».' : 

[0014] Recent advances in" iarge scale' genetfc'^ ss 
analysis utilize oligonuclebtides'fassembleci as multi-- - 
detection arrays by microfabricatiori techniques^'Syn^• ?"^• 
thesis and methods' of these 'arrays are described- iir^^^^^ 
U.S. Intents 6,700,637 *"(S6ikherhi[;' 5;445;9^^^^ 
5,807,522 7 (BroV(m)r/' 5^20^231 ^rt^^Wb 
5,837,83? (Chee^^ the' arr^^s aHoW ii^dii^dh^ 
tions'^in ' which' 'the irtimobrli^^ noT 
explored by labeled probes or labeled amplicbrre TfdK 
identification W or mot^tiohs^^uch 4s 

multiiile bdce^sito^Otibnl. ih'^'g)^pfe of ^p^^^^ 
tion, ;m;Uflj^^^^^ #^F^^)r d^efitibfr^-ofS'lfl^^oyr^ 

immunoidefidfghby^ ^l^se^'^^a^^^ 

Stephen et al., "Ught-Directed, Spatially AddressaBftfs'^-^> 
Parallel ChSmidal 'Syntiiesls'/'S^^ Viilr-'^fel tjg'^O] 
767-773J[19^1).^;' -O'^' i.^ 0/^' tsbiv^ 

[OOlSj-' ' ^ While' boft^ wol 
have ;feen iis*ed7 analytical and diagnc^ic tesiS; 99^ '^-^^ 
have'diff^feht S^pacrtiesftdW^dSe^jfion fom^^^ fisS^^"*''"^ 
the adyantege of simplic'^^ relatlvjBly loW'^TOk^^ 
capacHy'to Sq^iV'^parffi^^^ sari- ^ 

pie, e.g;, '^does' thfe- sample conpn ' n\j&Bic''^ds'' ^-^^^"-^ 
cally fehi a repFoh of ^^^^^^^ highy^fe^ifan ''^'" • 

formats are more ^(IxpilhsiVfe'bijt ^f)Wide ev§ri'tfi^e *' 



data or information ior analysis,, e.g^ does, this sample 
of HIV nucleic acids have mutations from the wild-type 
sequence, and if so, what are they? Because of their 
expense, multi-detection or high detection formats have 
not been viewed as a cost effective means for routine 
screening tests. Thus commercial tests typicalhy have 
been provided as limited or low detection formats 
mainly to confirm a medical hypothesis as illustrated In 
Rgurel. 

[00161 Rgure 1, a hypotfiesis ttiat tiie patient is 
suffering from tuberculosis begins the testing process. 
A respiratory sample is obtained from a patients spu- 
tum at step 10. The sample Is processed at step 12 to 
prepare the organism for culture. The sample is then 
'divided and one part used to culture the organisms. At 
step 14, a second portion of the sample is subjected to 
an Acid Fast Smear Test If the test result from the Acid 
Smear Test is negative, the physician must wart for 
the ^results of tiie culture as indicated at 16. If positive, * 
^tiie crmidiari processes the sample again, and is sub- 
jected* ti> an affiplrfied^^specles^^spedfic TB test per-r 
fomied • at '18: Af'-step '22, an amplified Avium 
Intracellular test^hiay'be 'a ttiird test performed on ttie . 
test^sample to identify the sample. If the test result at 
■step 22 is negative,^ the test sample or a new second 
sample may be subjected to a subsequent test reaction * 
or cultures to determine If pattiogens are present irii^tiie . 
samplel"" - " v -- ■ • / - , :, - . 

[0017] " Rgure 1 Is a typicar example of a low cost 
test kndwn in tfie prior art, tha Acid Rist "Smear" (step 
14) is^ used to reject 90%lif *the test samples suspected 
of including Mycobacteria which are negative. Subse- 
quent tests could be justified for use on the 10% of the 
samples that are positive, but even if test costs are low^ 
the expense of labor and handling samples may not be 
justified If they^rntist bfe' used for all test samples. ' 1 . i 
[0018] ' There remains a need for instruments^'and 
automated methods that not only include but also'pro- - 
ceed'bfeydtid limfted'<fetectidn screening for nucleic acid . 
ahaiygfs. This ivairatollity of such an' instrument wlll^ 
videS^Wablelnfoniriatldff eind^^^ Iden- 
tifyirig gfenetiedborder^ that m^y^rddUce physiological 
effects' which mhiiic' or overiap other genetic disorcfersj- ^ 
There'is als^ need for %n instfurnerit system that can 
providfe' integfetetf test stations and data to determine 
the r^sl^tai^ of mici^ to an=*a\^ilable 'drtjg, . 

for d^dinl^appropriat'e the^^ Furthemiore, such a 
syst^hT^'shouid aim for minimum manipulation by the - 
researbher or clinician,- especially those steps involving, 
sampfe- preparation; and detection. ^It • 
shou& preferably be Applicable'' as a tool to Improve 
monitoHhgr^afe <k>ilecting; seqiaerfd 4 
of niiclelfr iSicids vWiile^irh^'r^^^ contamination - 

between eSdfr test or step; TTie system should also be^ ' 
Accurate, highly sensitive ancfavailable to the consumer- - 
at reasonable cdists. -t^joi: .^jc;! . jr ^i-^., fii": r 
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[0019] The present Invention provides a metiiod 
and instrument system for automatically controlling the 
choice of when to use a multi or high detection fomiat s 
for further nucleic acid analysis. These methods include 
the steps of detecting target amplicons produced by at 
least one amplification reaction in a limited detection or 
low detection format and then using a control ialgorithm 
in an integrated system incorporating data or signals 10 
from the low detection format to determine whether the 
target amplicons are analyzed with use and cost of a 
high detection format. The system utilizes output data , 
from a first test reaction as the input data for the control 
algorithm and the selection of a high detection format: is 
[0020] A further object of the Invention is to provide^ . 
one or more signal data from one or more first test reac- . 
tion(s) for qualitative and/or quantitative analysis. In s >^ 
first test reaction, an amplified target nucleic acid from a o 
test sample along with an amplified internal control 20 
s quence preferably^having a> known concentration are ; ; 1 
subjected to hybridization and detecticrt reactions , to 
g nerate signal data.The;signals obtained are supplied v.:. 
to a control module, . processed and compared with . 
threshold level signals specific for^ either targetAest 25 
sample or internal control amplicons. The combination _ - 
of signals are applied to an algorithm which determines , 
whether target amplicons are transferred automatically o 
to another station of the instrument for further testing. If- . 
applicable, a second test reaction using one or niore 30 
selected high detection f6nnat(s) generates further ana- ^ . 
lytical data for tiie target amplicon(s) such as the identi- . 
fication of a variant, a mutation in nucleic. add 
sequencei drug susceptibility or resistance of the micro^ . 
organism or virus. The analysis of the second test reac- .J5 
tions includes hybridization of tiie amplicons in at- least 
one high detection format v:.' : *» , " . r . rr---. 
[0021] In a preferred embodiment, the presentf 
invention provides an instrumejitifprnucleiccacid analy-,. -] 
sis which is comprised of a sample processing- station:. .40 
preferably Including nudeic acid ampliHGatipn capab)!^^^ 
firet rand csecond reaction stations ior,? mpdu'les rand- . 5 
appropriate detection - stations,: . wRh a ©ach^ station ^ 
directed by a control module. Afluidic pas^gew^y.or 
preferably fluidio transfer means is alsorproyi^ied. aq 
which f^optionally connects ampliconsrfrom.the.first; te^t ^ 
reaction station with the second test rBaGtion.stetion or,^o>^^^ 
module. Each station may communicate with , another ^^ . j 
under regulation of tiie control module. The. control , 
module integrates data obtainiedifrom the f irst . reaction. 
station and con^ponding: detection station in: a feedr , 
back loop to temninate the process orrinitiata a secorid . 
reaction in the second testireacticn station followed by:?..: 
detection and'signal analysist c . - -v u . v .e-.^:: 
[00221:1' s In another embodiment-of the presertt inven- 
tion, the system is a modular automated instrurnent sys- . , 
t nr.that integrates the, methods, of sample prpcessing,' ; 
ampiifK»tion, hybridization, vandrdetection and,the sys-.. 



tem is further capable of analyzing whether additional 
data-collection tests on a test sample should be per- 
fomied and thereafter performing such additional data 
collection assays. . . • 

[0023] An otijectlve of the present invention is to 
use low cost technologies,, i.e., limited detection fornnats 
in an automated system, to "screen" a target nucleic 
add sequence in a sample in, detennining the need for 
further analysis. The screening step should have, high 
sensitivity but broad specificity to detect as "positive" at 
least all the samples that can be further analyzed by the 
high detection fornnats of the system. . - 

[0024] ln,ahother aspect, a comprehensive instru- 
ment system is provided, for fully determining target 
- nucleic add sequences -ty utilizing differerit region 
technologies, i.e., hybridization and/or detection. In a 
preferried jembpdinrient ^a screening test utilizing a 
homogenous., solutionM,hybridization reaction is per- 
formed and an an^y or matrix hybridization is utilized for 
r.mum-detection..analysis.,ln another . objective, a screen- 
ing analxsls^maycbe provided without a prior ampRfica- 
tion protocol in order to provide signal .date to the control 
module for purpose of defining the need to perfonn orie 
or more m^gje-based hybridization as^^^ 
.[0025] The systems of the Invention can be used, 
e.g.?Jn microbiology, virology, food investigations, water . 
testing,, diagnostics pf human and anirnal ^disepses. and 
anaiytiUl res'paroh^use. Suitable biological, or test sam- 
pie materials''indude animal,.human or. plant cells prtte- 
.sue,' blood.,^urine, feces; !nasa| . and. yrethral mucou^.^ 
Further, the invention may be used in industrial appljca- . 
tions;SUch as food processing, contaminatipn ppntrpl or 
phamfiaceutical research, x . r • ; . t. , 

[0026] ■ . pie present invention . byenconies . ti^e 
. numerous^ ifmltations inherent Jn. the attempts of other, 
methodologies and thus, provides cost effective means . 
for accurately, and more, completely identifying nucleic 
adds in a biological or test.sampie. More particularly, in. 
one aipict olthe. inVentipn Critical d^ta and.infpnnatiop ^ 

prqv^la^ disease detec^qn, , id 

flcalfia^^dalsi'r^ v • -r 



emtodiojien^^ 
conj^d^^g^^^ 

like reference numerals refer to likQ _^lemenis jn the w-^^ 
ious viey)g,,anicl in jwhiqti; ^.^ . , ,^ 1 r 

jRgur|5'is.an;!^^^ erf X-RP^^;: "s^?^g^^°^'t9L 

conducting a pluraijty of tests on a human sanripte^ 
j^flw i*art,fo^ a tentative hypc^the:' 

sisrottrleJnfec^^ - . 

Bgure;2isa 

' ' ' wkblhe, ppSdtlinyention,: by, which;a: high detec; 
itionlorip^iis:,©^ 

processing signal' from' a low detection 'Ibrniat indi- 
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Gates that a high detection format is justified; 
Rgure 3 illustrates a variation of the method of Rg^ * 
ure2; 

Rgure 4 illustrates a second embodiment of the 
method of Rgure 2, in which the control algorithm s 
provides both a decision on whether to proceed 
with the second level of testing as well as a quanti- 
tative assessment of the level of nucleic adds in the 
sample; ' ' ' 

Rgure 5 illustrates a thihi embodinient * of the io 
method,' in which three low' detection fomriats are 
run in parallel, the signals representirig the results 
are supplied to a control module for Implementing a ' ^ 
control algorithm. Three different assay parameters * 
are supplied resulting in one input for selectiori of a )5 
Single high detection fomriat; - - ' ^ ' ■ ^ 'c-'- - : 
Rgure 6 is a block diagrarh of a preferred ahaiytidai - 
iiistrurrient for tise in perfomiing the - methb'ds-rof ' 
Rgures 2-6; and " ^ - c v.^'sra cpf' ci?: ric. 
Rgure 7 is 'a block diajgram of ah M^Wativ^^ 
of an analytical ''instrumdnt'^ for yeifo'rmTng 4he w'* * 
hriethod of RgureS 2-S.; ^'^'--^"'^ [ ' - "V ioco^o:q avh 

DETAILED DESdRlimON OF114tlNVENTEOM'' s cmi ) 

[002^3] ^ Lirinited or low d^ctiori^rnriafelhBude the l ^-^ 
hybridizatiori dhd detection* nriet^^^ mentibried aiiove; 
These rriay b^ perfomied in;sdlution or^'using captii^^ 
prob^ botind' to ~a^mafr^^ Matrixes^ on wfiicR proB^^ 
have been imrriobiiized include p'^ so 
mers, riitrQl^ceflluios^ compositidnis, •** 

beads, micrd^itre wellsi^tubes, glass particies; magnetkj - - 
particles, natural and synthetic fibers. As used^erernra*^ - 
low detecti6n'f6rmat, includesiess than frfty and prefer^ ' ' 
ably at least on6 to teh oligonubleotide prdbes' havintj' 35 
discrete sequehces.' Edch; probe contains in part a " 
sequence fully or partially' complementary to the'amplr-^ 
cons frorn the t^st Sample and optionally to ttrS iriternaf 
control. A high'^ defett^^^^ he'reifi\^-^- 
includes greater tha^'jc^^^^^ fff^e^SB^^ ^ 

greater than four huhdr^d^htf ihdk'pnS 
than onethousafpd^pljgojTUCleotidgt prp&^,J?ach_ paying 
a discrete sequence^* bouh^d'^^^ 

ble matri?c,^The probes may be applied to the matrix in a 



sequence fully orpaTfaaJiy^go'^^ 

target inipiicoWs^5gr^ - ' ^i^^^smu^ so:u^rA^ e^^fi 
[0Q29] In a prefen-ed embodime'nt'tK^ 'l w cfetMlish^^^' 
format is different from the hig^ format For so 

example;^* tine, jc^^ term^f WbUld Incliide' a 

devk:^ for per^miing 'a homo^ehotis' solutipri hybridiza- 
tion rea^loii 'while\^he hig^^^ 
Include . a^deyipe^'fbr perf^^^ X>]HMtri5^ ■hybridization 
reaction J^Merna^^ reaction 
coulctb^ utiji^^ for the^ ^'rfee^ 
small numfa(^r of Jtargei iripKcohs^a^^^ 
amplicoris: ^ ^' - t.:^ l^n^;. 
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[QOaOl Referring now to_ Rgure 2, a preferred 
embodiment provides method and devk^ for automati- 
cally directing continuation of analysis and controlling 
the selection of a high detection format is shown in the 
flow-chart The method involves the step of detecting 
ampllcons produced by an amplification reaction of tar- 
get nucleic acids in a test sample using ajow detection, 
fomiat (shown generally by step 30) and using a control 
algorithm 40 to determine the use of one or more high 
detection formats. The preferred embodiment may 
rhcorporate a single ampnTlcatfdn ' step for complete 
analysis of the nuclei acids in the test sample; Accord- 
ingly, the sample is submitted to an initial number of first 
hybridization . reactions for purpose of performing a 
screening analysis having broad specificity and a cost- 
effective choice of the technology to be used for th 
analysis is detennined by use of the automatic control 
algorithm 40 with appropriate data input ..The output 
data from a low detection format is the input data for a 
selected high detection format (step 50). , . 

[0031] " The method of Rgure 2.makes it- possible to 
use' lcw~e6st t«:hndlogy, l.e.. .a low detection fomnat in . 
step 30- to' screen a sample." Use of such.an approach 
allows target ampHc'ons to be utilized throughout sam- 
^ple analysis; If the control algorithm 40 determines that 
the need of a hlghldetection format 50 is Justified, a sec- - 
ond"^analysis 50' Is initiated. Data Input from a prior test 
or analysis may also be provided by the user of the sys- 
tem before or at the time of test sample introductiori to 
'the devtee of the present invention. - •: 

[00321' 'ri tiie first step 30 of the above methodology 
0.e.,i measuring the target amp licons in a low detection 
format) nilcleic adds are treated or released and prefer- 
ably amprrfied in an''^ay chosen to give a "screerwng" 
sensitivity as close to 1 00% as possible. That is, when a 
sample is actually'positive in any parameter in a chosen 
screening fomriat, the first assay test reaction will give a 
positive result'- irr-vr -. . : , • : ,v. . . . 

[0033]^' - -In'^a^ represfentative . embodiment, the first - 
istep''30 corhprise^^^ separateisubsteps. :The first sub- - 
stepV&^^citthnipriseiS' the istep of:amplifyingi an internal- 
control seqijence and all suspected target nucleic acids 
in a representative testing paneil i:e., respiratory, blood, 
etc. 'tbVgenerate'ihtemal cbntrol^-amplicons- and:^^ . : 
^amplicbris^ire:^^^^^^ /^r^ Tn).^.The. internal control . 
ampKgori^is^nriieasured'eiis' a to insure that a neg^ * r 
ative i^'suit has nofbeen caused by technical feilure. As.. 
used^herein,^ihtemal control sequences are oligonude- 
otide sequences which are tailored to be unaffected i:>y. 
targefnucleiic acid sequences; are not substantially sim-- - 
ilar t(>-any'nudei& acid sequences in the sample,^ and 
are determinative of a positive amplification process. 
Gencirally, an Internal control- is- co^amp I rfled with the -- 
target to provide a positive annplification control. TTie --. 
intemal'cbhtrorslgnal may^aisc^be" utilized In quant^tarC;'; 
tive t&tsamjJle'data analysis . . i s ant 
[0034] '"'The second sut)step'34 comprises the .st^p - - 
of measuring the signals from each of the internai^coh^ \ 
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trol and targets. The equipment used for measuring sig- 
nals is integrated within the system. 
[0035] In the second step of the process 40, I.e., 
implementing the control algorithm, the signals are 
applied to the control algorithm as illustrated in ttie dot- 7 s 
ted-line box 40. The internal control signal is used to 
indicate if the amplification process is satisfactory. The 
control algorithm 40 implements the two signals to con- 
trol whether the sample analysis continues to the next 
step 50, or not . 70 

[0036] In one embodiment, shown in Figure 2, if the 
internal control signal is below a predetermined thresh- 
old (42). the test Is rejected because the amplification > 
reaction did not occur or for other reasons failed to 
achieve the proper threshold level. If the intemal control is 
signal Is above the threshold, the algorithm determines " 
(44) whether the screening parameter for one or more - 
targets is greater than' a threshold. If it is not; the test 
result is deemed negative and the' hypothesis is : = 
rejected. The cost or need of the second step 50 of the 20 
analysis' is therefore not incurred. Converseiy, if the- ?i 
screening parameter is above the^threshold (44),-the 
second step 50 in the assay is alioWied^o -proceed, '-o i^r 0 
[0037] In a preferred embodiment; the methodology 
of Figure 2 is perfonned in a manner in which the output 25 
or result of the first stepi 30 is used as the input for 
deciding whether to perform a second step 50 on a . : 
selected high detection format. In contrast, furtherror i 
subsequent tests described in the prior art require sep^ 
arate or repealed access to the sample and in many cir- 30 
cumstances the heed for further sampling. The prior art 
tests require sample storage,- added handling, and a 
repeat of processing steps which are- avoided by the 
present invention: Furthermore, in the prior art, human 
intervention is needed to examine the results of the first 35 
test and to decide on isubsequent actions.: Preferably 
the test sample Is accessed once and only once at the • 
beginning of the process of Rgure 2. ' • ' 
[0038] ' 'In a preferred embodimer*^ of the present, cT; 
invention, all of the steps 30,'40 and SO are integratec^^r^io 
within ah^autonrtated analytfcal^^nstnament to iarrive.^^ r:nv 
the final result without human interventioir dt ringnhe :> 
process including the performance of the low detection' go 
format (step 30). The instrument,, in accorda;:«ce wth^a> w^r. 
preferred -embodiment of the invention: perfonrs all 
amplifications for all targets thatmay be analyzer' in the ; r; 
high detection format 50, within, the first stepv30. Then:;; 
instrument can then direct the sample having suffic'entrv. 
quantities' of amplicons to a high detection for a more.- 
comprehensive analytical identification, - ' > xh' . . vso 
[0039] ' A preferred iembodirinent of the high detec- » .8 
tion format is the Affymetrix GENE CHIP: technology.:;- 
described in U:S. Patent 5,837,832 :^(ehee). -I. abeled 
ampllcons derived from nucleic acidS: from a patient's.? ; 
sample are isolated by^ standard biochemical tech-:: 55 
niques *th n wash d over the surfaceiof a high density « 
cartiid^XGENE CHIP). Copies of single stranded DNA . . . 
sequehceS or probes in the high density cartridge . 



hybridize to complementary labeled amplicons. A laser 
scanner detects fluorescent signals from Icnown posi- 
tions on which labeled sequences are hybridized. 
[0040] A representative preferred embodiment of 
step 30 in R^ure 2 will now be further described. In the 
first part of the assay, suspected nucleic acid targets 
must be processed. During development of the test pror • 
tocol, conditions involved in the amplification reaction 
such as probe sequence, primers,: conserved 
sequences, etc.* must be identified in view of the param- 
eters to be tested in the panel. In addition, at least one 
loci must be chosen which has the properties to make it 
part of the control algorithm, for example; and with ref- 
erence to; Figure 3, a test of Mycobacterium from a spu- 
tum sample, ms described: in U.S; Patents 5,589.586 
(Mabilat); 5,702,31 7. (Mabilat), and 5,849,901 (Mabilat). 
A conservfed^ .or consensus region of the 238 rRNA 
sequencers chosen as the screening parameter for the 
low . detection Ifoiimat Amplification * of: a highly con- 
:served reglcn of the:23S tRNA .vyhlch can be.used.fpr 
detecting i Mycobacterium >iS::performed; in a low detec- 
tion format. Amplification is also performed on DNA of • . 
the ipoB>39^eflhat is related.toiresistance to rifampin la 
MycobaGt»?.rlurn tubjBrculOJSis... as.: indicated in: step 32A . 
^^or tis3r.iar_a^5high^detection,fonTiat:lf the screen assay ^ 
result meetSi the :appropriate threshold. Since there are 
many more;jcopies of rRNA than DNA per organisrn, the , 
23S RNA region»is a more reliable indication of the pres- 
ence of-MyiSobacterium,^.As a last requirement, the 
. primers used.forthe 23S/RNA are used in conjunction 
with an internal, control sequence to generate internal ^ 
control amplicons so that amplification perfomnance and . 
quantitative analysis can be performed. . ; 
[0041] c; In pne embodiment, the amplicons fronri.the 
first step 30: of the test will be transfemed to the second 
step 50, the choice of the screening and detection tech- 
nologyfmust be compatible with the requirennents of the 
: high^detectiop fonnat. This Is preferably accomplished . 
by usin^ 9rhompgeneoys detection technolog^^ 
:32, such as desqribed?^]n -0.8. ^ Paten^ 
(M'atJ\la),.^r^^NA.pro>es^^^ G.H. Keller and 

M.Wkct^]aBak,::Stpciftpn ; press, ;%993, se^^ AlteT- 
nately^^mLenergyvtfBnsfec.^^^ oj.^^^r 
cx>n/^etQ!3tQr4ecii.np!cgy Js, described , in Gionata^Leone, 
■^t aL;i? "Mf tecula^ i?eaGpii.p.robes.cornbined with arnpl'rfl-:; 
cation? Jrl^SBiVcjr^^©;^ ^lf^99??®^H®' ; re^'^-t'nie . 
detfiiJii^r^ptaNA^'^^^^ pp 
2150^aSf^|ia98);^iT3ie,beacons^^^ 
genepys rlGteetiorv, of ua^target sequence and . are pom-, 
rpose^of a/^jsm-loop structuj;e in,whicli the loop portion 
containsrthe.:sequence:complementary- tp^ tha 
conSi.;(nrthe,presence^ pf target, the stem . of the b^a- 
con/c*steclpn; structure. JS;,, ^opened" and . the, loop 
hybri^izes 'tosthertef^^^^^ .The Jppen" beacon/detector, 
produces, f I uqriescense/^^^ quenched in pie 

"closed^rstate-:; AGCofS^^^^ one. embodiment of -the 
presentitinyentipn^ra jip^^^ ??r^he beacons/detectors 
are imr^qbilized^on^ support, using.techniques 
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-well known in the art The solid support can be a dispos- 
able device including preferably microparticles or mag- 
netic particles. The beacons/detectors should be 
constructed in such a way that the reaction conditions 
open the stem structure sequence. The ampiicons are 5 
brought into contact with, the beacons/detectors to ; 
thereby allow the stem structure of the beacons/detec- 
tors to open and hybridization to the loop structure to 
occur. See step 32B In Rgure 3. If mrgetampllcons are 
present the open structure moves the. quencher away . w 
from .the detector molecule allowing thejabefto be ^ 
detected. The resulting .signal is stored tOibe used by 
the control algorithm 40.:.?. ..: rS^: -^ > :/ . . 
[0042] The control algorithm for step 40. when used: . . 
in conjunction with the chosen threshold(s)i.canj effect i. 75 
three different types of prt)cesses: (1) qualitative.detecr.^r/ 
tion of the presence of the expected target; (2)rquantitaK: ^' 
tive detection of one -or more targets; to be used^n;:!:'^ 
conjunction with results of the high detectioa. format, /.cj 
and (3) quantitatiV^f detection of onfe of the several ta^ »j?20 
gets; and pre-se lection of a speciffc'array of-testslfor tha.r^ : 
high detection fbrtnat-issay 50.^^' " ii ' w-.n>^. .jstic^ iiuu 
[0043] ' The* first' ti^e-iof process In' thep^pretehBd eri: 
embodimenf,^a qualitative detection of the |3resence/Df 
conserved region of the ^target= has- iJeeiii described -25 
above^for testing of Mycobacterium organisms ^In^^iir 11 ^1 
tum samples (see Rgure 3).*^ For example,:lrt^ Rgure-3 if 
the signal' from the first hybridization Reaction or-ther. ;/ 
hybridizatibn of the internal control ampiicons to the firstc- ^ 
group of detectors or beacons/detectorsMs below the i so 
threshold level (step 42) the test is rejected. If the signal^ ^ 
is above the threshold, the signal for the hybridization of 'u^^ 
the conserved 23S rRNA sequence to the second group 
of laBeled or beacons/detectors Is then analyzed at step" ^ ' J 
44. If this signal is below the threshold level/the control * 35 
algorithm indicates that the resultMs negatwe; as'indl- i 
cated at 46. Conversely. *rf the signal Is above the v^>- 
threshold level, then the ampiicons^ Including 'other 23S:^c . : 
rRNA amplified' regions and rjaoB^ are' transferred fty^a-' 
high detection format as indicated at 50.--^^^ 2. j i jcue 
[0044] • ' The second type- of cohtrfei 'Jjrbce&^ijB .Slab's W) 
possible with the control klgorithm: 'cf^^^htitStiV^eidtec^V. U\ 
tion of one'or more taTgefe^to'b€^'U3(6tf i^^ 
with results'^of ffie multi-tfete^dn 'ahalysla^- Iff *&bm^Vjcc 
cases, the quantity of tiaiget huclaca^ Us 
or diagnostic slgnificancei^Ws' afi' i^amp^^''^5^ffeid^^ ecrP'Jco 
HIV patient bein^^^ meailirehfttfrtfejSJeb 
totalviraf nuclefe acid' drvimr loatf ife ^ri- Wp&ftatifara^??. : ?, 
nostici^erEip^utlc indicator." For exarhple,- If -tfto Vir^^^fi^, 
Ipad levefis greater than* a threshold;' the-clihiclan Ifi^cCSp 
benefit^ by further genotypic analysis of '^he' HlV 'arflpl^inco 
cons. Such anial^is^ whbh woulcl r^quire-'an'expi^nd'iv^noD 
high detection fomriat but may nof be recfuired if ttf6-«f>s3*no:! 
viral nuciiBic acid^level is low with app^rcpriate^then^^ {~ 
The main difference between thfs'i^plleatton^and We -055 
simple qualitative example of Rgure'^^^Kat tft¥^uafr?-CM3' 
titative signal Is not 'only used ih iSie%6ntfol'a1gbritfim;^ 
but Is' also a reported" result- wh^ %&6fnpaflied^"ar^ 



analyzed by data from known levels of virus; for xam- 
ple, in a multi-point calibration or when the level of inter- 
nal control is known before amplification. 
[0045] . An example of this second type of control 
algorithm is shown in Rgure 4. In this example, a sam- 
ple is obtained from a patient with HIV. Step 30 (the low 
detection format) comprises the steps of amplifying the 
internal control sequence, a conserved HIV sequence 
and a polymorphic HIV sequence as indicated at step 
32A. The process continues with the hybridization of the 
internal control ampRcons to a beacons/detectors and 
the conserved sequence ampiicons as Indkiated in step 
32B: Alternatively, the ampiicons are first captured to 
the solid support to form a complex and.then detectors 
are hybridized to the complex for detection of ampii- 
cons. Next, the signals are measured from the hybrids 
zatiom of beacons/detectors complex es indteated in 
step 34. The resultant signals generated are digitized 
andisent to a control module or processing unit imple-r 
omenting theicontrol algorithm 40. - • 
[0O46] f ln thecQntrplalgorithnni40, thestep42isthe. 
same jas • fproRgur^- 3ii If the signal from the bea- 
cons/detectors ftt^te less than the second threshold 
(step 44), .the algorithm 40 provides a report for the 
nuciek: acid which level is below the threshold for per- 
forming the high detection format as indicated at 46. In 
the event that the signal from the beacons/detectors #2 
is greater than the second threshold, the ampiicons are 
transferred to the second reaction station (step 50).* - 
[00471 Alternatively, in-a.quantitative detection, the 
amplrncatipn of internal control (not shown) having . 
known amounts of nucleic acid before amplification to 
separately obtain calibration data is submitted to the 
control algorithm. The result from signals detected at 
step 44 may be.calculated against data derived from the 
internal control amplteons and reported as indbated at 
step 46. ^ ^ * • : . . ^ V ; ^ 

[0048] The third type of process that may.be imple- . 
mented is a quantltatr/e detsction.of one of several tar- 
^get^ and: pre-selectlonrof a.specific panel of tests for ,- 
the second^.hybridlzation reaction; As a, more general - 
cas&'df ':x)ne'. embodiment of. Rgure ,2, multiple bea- : 
cons/detectors 'can be.usedjo detect one or more of 
several possible targets to provide multiple input signals 
for use by the^contro! algorithm.- For example, a respira- 
tory^-.-panel^TTCouId ; be. tested -for-- Mycobacteriumi; 
LegionellaiLMycoptasma, Influenza or RSV. Mycobacter 
rium,' because of the need to detect drug resistance .in 
tuberculosis, is a complex target which may require a ^ 
multi-detection analysis dedicated to this target alone.. 
Similarly, ^Influenza.and RSV.are viruses and may each - 
require a different multi-detection devk^e. Thus, .three 
different high detection jformats.nrtay be appropriate for. . 
further or s«x)nd ana{ysis. of the test sample. By chocs- - 
ing different conserved sequeoces^foreach of the.three-,. 
low detection formats,., it is possible .to design 'ben-- 
cons/detectors that will :aIlow. the control algorithm ^to - 
choose which one of the three high detection formatS:tp, 
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select. An example of this third process is shown in Fig- 
ure5. 

[0049] Referring now to Rgure 5, the basic features 
common to Figures 2 and 4 are also cortimon to Figure • 
5, namely the perfomnance of the low detection fomiat s 
in step 30, using the signal outputs of the screen in a 
control algorithm 40, and controlling or initiating the 
more comprehensive high detection format assay in ,^ 
step 50 depending on the results of the control algo- 
rithm. : 10 
[0050] In the embodiment of Figure 5, three low 
detection fomnats are run in parallel, as indicated 72. 74 
and 76. In this example, a respiratory sample is., 
obtained at step 70 for a given diagnostic hypothesis. - 
The test sample Is presented to the instrument and then : ;?5 
treated to release nucleic acid. In the first format 72, the ^ 
Interiial control is also amplified, along with alLMyco-...-/- 
bacteria RNA at step 78. The method continues at step v 
80 with the hybridization of the internal control amplicon r l i 
to a first set of beacons/detecto?B and , the Mycobacte- , po 
rium RNA amplicon to a second set of beacons/detec- , 
tors. Rnally, at step 82 the signals :fs:om :the first and , 
s cond sets of beacons/detectors are^measurediuslng'^ 
Icnown fluorescence or other type of detection equip- ^ : 
ment. The signals are convened to digital form and sup- . 25 
plied to a control module, stand alone computer, or 
other processing station Implementing the control algo- ^ 
rlthm40. . r .' . .. _ • 
[0051] For the second format 74, at step 84 the 
RSV and Influenza targets In the sample are amplified. 30 
The RSV and Influenza ampBcons are hybridized to 
beacons/detectors designated rnumbers:.,3; and 4,. - 
respectively, at step 86. Then, the signals from the third.»^ ; ; 
and fourth sets of beacons/detectors are measured 
using Icnown fluorescence or other type, of detection , 35 
equipment at step 88. The signals are converted to dig- . , 
ital fonn and supplied to the control modulejmplement- -: 
Ing the control algorithm 40^ . v *: < - c r s > : i 
[0052] . For the third format 76, at .step.^Qp (the Myco-^;;, ; 
plasma and Legionella.targets in the sample^are^.applH;^.^ 
fied. U.S.> Patent c.5,614i3e8:rdescribeS:. methp,ds,::for^.v 
analyzing Legionella^ and is incorporated, by reference , ? 
herein. The amplicons are: hybridized to.beacpns^detec-. 
tors deslgnated numbensiS and 6,-respectively, ,at step.^r^ 
92. Then, the signals from thefiftli and §ixth s,ets,pf, bea-^ .^ffs 
cons/detectors ;are ^jneasursd;, using- knQV/n;;fjuore.Srfv .:5 
cence or other type of detection equipment; J}ie signals^ Cil;. 
are convened to digital form and supplied to the cpr^rol -c ,j 
module implementing the control algorithm 40. lnterr)a^or ; 
Control amplicons can be used^to assess .the amplificar §p 
tion reaction and, if desired, for.quantitatiye analysis. .:, - 
[0053] , The control algorithmrJn . Figure 6 first>per-; - 
forms a comparison (Indicated at step- 100) pf the interr ,. < 
nai control amplicon signal fromLithe first fonTiat.72 tp 
determine if the signal Is igreate^ than^a p.redetermJned,^^.^^^ 
threshold value. If. not,.the :eatire.te_st„is;rejected,as iridi-,, ^ , 
catediat 102; If the internalcontroi signal is, greater than 
the threshold, the controbalgprithmj proceeds to com-. 



pare the second beacons/detectors signal. (from format 
72) to detemriine if it is greater thari a second threshold. 
If it is greater than the second threshold, a. positive 
result is indicated. A threshold value for a.subsequent ^ 
rnulti-detection assay is set, .as indicated at 112. For. 
example, at step.112 the positive result for the. Myco- 
bacterium in.the respiratory sample iridicates that a high 
detection format assay of type "A" should be initiated to , 
further analyze .Mycobacteriurn.. 
[0054] ■ If the comparison, at step 104 results in a 
negative value, the control algorithm still proceeds to 
determine if a;,negative result for the test as whole, is 
warranted. Specifically, although the Mycobacteria 
result Js negative, the control algorithm determines, at 
Mstep.-106i whether the nneasurement of the third bea- 
con/,detector.^signai is greater.than, the third threshold 
(for the RSV virus), or whether the measurement of the 
fourth^beactpn/detector signal is greater than the fourth . 
threshold (for the Influenza virus). If either one of these 
-beacor^G/detectois signals is greater than the threshold 
value, the.algorithm 40 set? the assay parHrneter, x, to a 
seconder different value or characteristic, e.g., "B", indi:. ^ 
catingi-acbighrCjetec^tpn fornj^^^ at,type,"B^ should. 
be initjafe^ifofi^^fui^^ pf RSV or Influenza. . 

lOOS^i^^.-i ^ il:^^^ at step 1 06 is negative, tjie . 

algorrthm pr^cceeds^.t^^ perfpnn a similar analysis for the 
third. fprinat^76.': Specificajly, the control algorithm 40 , 
determinesi.^^fttjstep 108, whether the measurement of 
the fifth sef of jbeacons/detectors signal is greater than 
the fifth threshold value (for Mycoplasma), , or whether . 
the measurement of the sixth set of beacpns/d^tectbrs . 
signal is greater than a sixth, threshpW value (for 
Legipnella). it either, .one of. these beacons/detectors 
signals is greaterthari the threshold value, the algorithrn , 
40 sets the assay parameter, x, to a thir^d or;, different 
value, e.g., !C^indicating an assay of type "C- should be 
initiated ,for ^ further analysis . of . Mycoplasma, or 
Leglpneila... -o; r:.-^i .--.o r -^^ 

[005.^.1 .ft^thepom^ 

^ben^j^ls^^B^^ irj^the three forrriats. 

72, 7ifJ^,I^ke^^^^ beacon) Tare npgatiye.:: 

Therefcjiiie^thle^contrpK^ indic^tes ih^t" a nega^ 

tive r^Hgrii^^^^ Wr^;3cre.pning test 

panej^lo^ndt^^ 

-l^gh^etectioijfpTO?]^^^ o^s^ /^-^r . ^-;3cn-.5;p:> rr^'-c ^i:^ 
[005^'Ji^l' XWnjipa that.a^ a^'^p^^^^ the^qbrripai^^^ 
sons^jSt^]4|4.^ 

response.' the appropriate arinplic6n(s) frbrri formats 
haviQg.^,therPositiye results, are tran^f^Jf^^-R^^^®*^^^^^ 
,^uto?n3tically to. ffie appro high detection fprmat^. 
In a preferred embodi^^lent^iransf^r,steps^from first;"., 
reaction^ stetion . (30) tc^ the secpnd. reaction, Station (|0)V; 

occu^7>yithoyt J*!'f i 

mentj,;.. i^- :-- -^y ,^'^..ri?v: ;sr 

{0058] , .^.Persons, sKilled.. in. the, art.^vyill, appreciate^ 

while threeiiow^fon^^ '^^^ P^fejl^ 

ure 5./tlie! .lproce^r.cgn ^^^^^^ appljipd' to. . ahy^' arbitnary;, 
. number^ oj cb'mi^irj^ti^^^ panels in ithe f M ste^^^ * 
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the control algorithm 40 modified to account for the dif- 
ferent formats or combinations of formats with appropri- 
ate default settings. ' 

[0059]. .\ Persons skilled in the art will also appreciate 
that the control algorithm 40 of Rgure 6 (as well as for 5 
the other figures) could be implemented In hardware ^ 
using, for example logic gates: However, since the reac- " 
tion * stations of the instruments performing either * 
screening analysis 30 or multi-detection analysis 50 
would be expected to be linked to a progranrimable cen* io 
trai pmcesslng unit, it would be preferable to have the 
control module implemented In the processing unit 
rather than constructing a discrete hardware control 
module. However, given the operation steps of the con- - 
trol algorithm in Rgu res 2-5,- a control module' irhple- is 
mented entirely in hardware would certainly be another ' 
embodiment ' ' • • - . * ' 'v sj j -v/-; 

[0060] Referring now to Rgure 6, -an instriirlient 1 20 
for perfomiing the methods of Rgtires 2^- show^h' in - '-^ 
block-diagram form provides a combiriatioh^'Of modblesV"^^^ 
the rriethod of operation and 'cdriimunicatidn thdre^^^^^ '*v 
described herein: —-^ - . TUKaMjr-ocrw-.e^ 

[0061] '^'"^ Referring to :Rgure fe;' sarriplels^^^ 
between the sanripie preparatidff station f2i2-'to?^ - 
and second 134 reaction stations i(wHen'^ecesfeary)ibf '-'^^ 
the [hsifunient' thnoug^ a fliildlb^ trahsfe^'^mSans^^^ 
example a- passageway 124. 126', l32: Atterhafivfelyj' ' 
amplicorib can be tfansferred from tfie first re^iofh 
tion 128 to'the second reaction station 134 through' flufd 
passaigeway 142 controlled by cbntfoj moclule "138: THe 'so 
tranter is njade automatteall^^^ human mterven- 
tion and withdut contact between liquids arid the ^er-' r. ^ 
nal eniVironmel'ht whibh TTifhimizes the risk of sampfet" - 
contamination arid release of^airbome amplicbns from * - 
the aniplificatibn'reactibn. ' /y.:^.^ ' -c'i^z 

[0062] Transfer of sarriple from the sample process- '- ^ • 
ing station 122 to the first 128 and second 134 reaction"^*' '-^ 
stations to the detection station 136 can be effecteS v:' ^ 
without actuallif nibving'tf Sample iri ftuidic passa^-^^'^^J 
ways' 1 24, 1 26^ 1 32: Trahs^^ be'lefffecfed^rijVr 
the first reactibn'stettoifi 128 to iieScfioft'sta^ '-^3 

tion ^;^34 yvtife]^^ '6^te^\on%^^ 
This can be^dbhe t^ cfiarriBSreS'sampfe-^^ ^'"'^ 
such as th'at d^ctib^d in Ci.S:' F^fent 5i7§iB '1 i^Sppatari^"'^^^ 
zariti). Such chambere may also be thS site' of ^sanipfe 
preparation j^^^^ 'Moilheri^d^^ SHVeanilb eff^^^*3 
suchlrariS^r fs tfe^fibed ffi'^FR 981 iSto^fel^feptSri-^"'-^ 
ber 8*^Y^M/ ^J^cicnno^ arl; ,3sr.cq3i*i 

[0063] ' ; 'A^nbted'a^^ the s^ion ti28''ifrl^gijfe56'^'- 
performs a first iet'df hybridizatiori^^^ 
reaction st^tioW 128^1ni^?^^ 

having a rneain^for a^^^ least oheto t^h'disbrete"^^^'^ 

nudeic'acid sequehcW's'usp^ed 6f 'Being pr^erW irf' 
the test sariple. The internal control ampi icons can alsb'^ - 
be det(^edJahd;*theyefor^^^ protyfe''^6mplementary t& -^'^ 
the infemy TOfttfo amjiliibdns nfiisf ilso"bWpn[Kfidea?\^ 
[0064]j; ' The' instimrrienf 

suitable'detectibn system 136 arfd ^WritftTrndddle 138'^' - ■ 



that are used in determining a positive hybridizati n sig- 
nals of the target or ampiicons in the first hybridization 
reaction. More particularly, the detection system 136 
provides signals to the control module 138, whbh are 
then digitized for use by a central processing unit in the 
control module 138 to perform the control algorithm 40. 
of Rgures 2-5. - \. 
[0065] The second reaction station 134, in a pre- 
ferred eml3odiment, comprises a station for performing 
a second set of hybridization reactions on a high detec- 
tion format device retrieved from the inventory 129. The 
high detection format comprises a medium or device 
having means for analyzing greater than one hundred 
discrete nucleic acid sequences and typically four hun- 
dred discrete nucleic acid sequences and preferably 
greater --^than i one thousand discrete nucleic acid 
sequences. 'The high detection fonmat is an example of 
the multi-detection assay described earlier. . v . 
[0066] The control module 138 provides integration 
-and control- over the entire, operation of the instrument 
120.>Th~e control3modQl&138 determines the need for 
completion 'or Implementation of the second set of 
hybridization ^reactions -on one or more selected high 
detection-formats based on'whether a posrtive hybridi- 
zation of the target or ampiicons in the first low .detection 
fonmat was 'detected' by detector station 136, as- 
described In Rgures 2-5. Rnally, the detector station 
136 and control module 138 detect positive hybridiza- 
tion signals of a plurality of target or ampiicons on the 
high detection^fomnat in station 134,. wherein the high 
detectiofi format provides further analytical data for the 
target nucleic add sequence in the test sample. 
[0067] - The instrument 120 includes a sample, 
processing station 122. The investigator places a bio- 
logical or analytical sample, e.g., from a human patient 
or other soUnce in the station 1 22, wherein the sample is 
processed in accordance with techniques either known 
in the art or described herein. The station 122=preferat>^/ 
includes an integraKamplification station component to 
'amp% hudisicacidS'in the event that sample source or 
otheY-bir^mstahces^ dictate tiiat amplificationtjs advisa-. . 
ble. ^'e^'^pliflcatiofi^station may also be a; separate 
stati6h;'-'Additiohally/ In- an -alternative > embodirnent, : 
amplificati6r1'''dfthfe.<sample -could .b inrtiated^rfi the ■ . 
"cletertfoh ^^statioh"" 1 36 • 'indidates that a ^ non-amplified 
sannfp1^''r€Ssult'is^negative. Specific sample processing 
steps'Ml be deterttiined in part.by the sample analysis * . 
being performed. v. ? 

[0066] '^* '«The' instrument 12aincludes a fluldic trans- . 
fer nn[eans, Tor^ example, fiuSd -passageway or conduit 
124 cohrie«:ted to the'sanfiple processing station 122 - 
that supplies 3 fluid contain ing the target or ampiicons * 
to a three-wiay valve' 130.'^The valve 130 can be control- 
led by 'the ^;dhtrorrribdule '»138 to supply:the fiuid:io a . 
'¥ecoi^'conduit^126^eadlhg'td^a firstTeaction station.oDi:. 
module =1-38,^whereiri- tfie loWi:'detectiorT fonnat^(stepX}30? * 
in Rgures 2^)5is' perforrhed. In' the' event thatUaT fiuid : 
conduit 124 is chosen as the m^ans to supply th& sam- 
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pie to the first reaction station 1 28, suitable and conven- 
tional decontannination/cleaning processes should be 
used for the conduit 124 to prevent sample contamina- 
tion. Examples include acid, bleach, ozone, or other 
chemical techniques, thermal or electrical techniques. 
[0069] The first reaction station 128 performs the 
hybridization reaction wrth the targets or amplicons, sig- 
nals from the detector probes are made by a detection 
station 136. The detection station 136 measures the 
signals (e.g., fluorescence or luminescence) from the 
detector probes complementary to the target ampli- 
cons, digitizes the signals, and supplies them along a 
digital data bus 146 to the control module 1 38. The con- 
trol algorithm 40 described herein is perfomied either in 
hardware or in software in the control module 138. - 
[0070] In a preferred embodiment, the screening 
assay used in the first reaction station 128 is performed 
in a disposable device, and is selectable by the instru-. 
ment 120 based on inputs from the user at the user : 
interface 140. For example, if the user Js processing :a^ 
blood specimen from a patient, or throat specimen,, for 
each type of sample the instrument 120iwill use.a differ«c 
ent type of low detection fomiat in the .station 128. Tha ^ 
user would input the type of patient sample at the user 
interface 1 40 and the control module selects a pane! for 
the low detection fonnatf rom an inventory 1 29 of panels 
or otherwise instructs the user to load,such disposables 
into the instrument system. Ideally, to lower the cost for , 
tests using low detection fomnats test in the first reaction - 
station 128, tiie device would comprise panels having a 
limited nurnber of weOs or chambers to detect a small 
spectrum of agents, (e.g.; ten or less wells, perhaps 
more, depending on the source of the sample). Furtherr . 
more, all the different types of formats stored in the 
inventory 129 should be labeled with bar codes or simi- 
lar indicia so that the identification of the panel can be 
confirmed by safety processing routines in the instru-v. 
ment 120 and that the correct format can. be. retrieved . 
fromthe inventory J 29. : /, ;„v..V; :^ -^^i 

[0071] . The first, reaction station 1 28 is. positioned in-; 
close prc^cimity to a det^ctor station /1 36. The detector 
station 1 36 contains for example a photomultiplier tube, 
fluorescence detector, or other type of detection systerrji: 
depending on the type ptsignal to be, detected jAthe . 
first .reaction station 128. The deyices >conJ.ain;!ng.t^^^^ 
asscy in the first reaction station 128 could.also .be:. 
moved by suitable translation mechanisrnsto the detec-^ 
tor station 136. A prefen-ed detection label is chemilurni- 
nescence or fluorescence. - . ' . c r v 

[0072] . Depending on the results of the control algor 
rithm Implemented in the control nriodule 1 38, the te?t js. 
either rejected, deemed to.be negative,. or, processed in ^ 
the multi-detection assiay. One.exannple of how.^,this. 
could proceed is to have the controf module 138Jssue 
an analog signal along conductor 144 to a valve 142^ 
placedsin a conduit linking the first reaction station 128 
to a second;reaction station 134 in which the .high detec-. 
tion fpn:n^t:is performeid. When. the valve .142 .opens, a 
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fluid containing the annplicons for the target under test 
are transferred to the second reaction station 134. 
[0073] In a representative embodiment, the hybridi- , 
zation reaction in the second reaction station 1 34 is pro- 
vided on a disposable high detection device, such as a 
high density array product similar to that described, 
above. The high detection^fomiat for use In the second 
multi-detection analysis is likewise retrieved from the 
device inventory 129. Multiple detection means may b^ 
further incorporated in or adjacent to the second reac- 
tion station 134 to detect hybridizations in the high 
detection format. 

[0074] When the detection station 136 has finished 
with the detection of the hybridization signals from the 

„ second reaction steitipn, the. results are processed In the 
control module 138 and displayed at,the user interface 
14o!^ Alternatively, the instrument 120 could prepare and 
print out a suitable report, store the data electronically 
for subsequent retrieval, or send the data or results to 

: additional instruments or computer locations. 
[007J5I...;.^RsferrJng nowJo Figure, 7„ another design of . 
an analytic4'nstrumerit^2 

of l=igM;]^^^5Js^shpwn lin block diagram ;forai.lThe 
instrumfntj2p6',has. m^^^ prganizati^^ and _ 

.ppemtion vas the instrument of Rgu re 6 . Th^^ 
has a sample preparation station 202 and amplification; 
station 203 for processing and then amplifying nucleic 
add sequences in test samples as explained herein. 
The station provides amplicons to a first reaction station 
204 where, a device is processed to effect hy^)ridization 
of the^rget and internal controi jarnplicorisjn^t^^ sam- . 
pie to 1 the beacons/detectors. T;h^ panel or /devices 
processed i'n^statlpn 204 is posltion^^ Iri proximity to a 
detector 209, v^ich makes me^sureme^nts of the 
hybridization product and provides signals to the control 
module .21 0..The control module .210 implements tiie 
algorrthm 40 from Figures 2r5. A detector rnodule 208 is 
positioned In close pipximitY to the secprid ruction 
tionj|p(S IhelWgh^^^ 

^ isecjKt||elsecon reaction statipagQ6 a^^^ read by trie 
detQ^^orjno^^ 208 and,t]ie signals are provided to the 
Gontro^U^pduje 2|^^^ explained herein. The 

controffii^Mla 

f romtithe fijst're^ptidn^^ 

^atiJ?A 206 itthe ^re^Ks ^ the cpntrol a(g(^ 
'thatvShg l5^hjeteq^ '?/?y^|Tantea 

resu|^Je^|!thec^ ^? ^l, 

print^routijprva^r^ 

needed,,, p-r- t^^:. ^. . v- c.r., - y-p-- 

.jpD7i5ll^.. .J4^-Xote^^ the 'control algorithm 

provj^lies' a means to determine whether to ?Ji^ct tran^-^ 
fer of jam^i^^^ high ' detection form^f 

assay frpm^thCfi^ 204. Thp second, 

reackiontstatjp^ 

.first srfi^ctipn 'statTon^';;s?^^ ^^!J*P'®^®'y-. 
optioria^^^^ step 30 In Fig- 

ures 2r5j,' the ampiiif'rcpiio'Q^ step^30'can _gen^ 

erate , ia^ipe.lquaijlges ,01^ ^amplicons which iriu^^ be 
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contained or they become potential contaminants for region analyzed on the an^ was performed using T3 

future tests. One normany would try to keep this part of orT7-tailed primers 33f 5*-TCACAGCCCGATAACAC- 

the test processing station sealed or confined In some CAAC and 2288r 5'-GGCCGATCAACCCGAATCAGC 

manner, because of the requirement to limit potential (positions 1942-1962 and 4197-4217 on X68081, TB 

contamination during transfer of these ampliconsphysi- 5 amplic n size is 2275 bp). . ; 

cally to test modules. - ' p082] PGR was earned out in a 1 00 ^il reaction vol- 

[0077] In another aspect, "the system preferably lime containing 50mM KCI; 1 0mM Tris, pH 8.3, 1 .5 mM 

Includes a fluidic passageway to transfer the target, MgC12, 0.001% (w/v) gelatin, 5% (v/v) DMSO, 0.5 jxM of 

preferably amplicons, from a supply or other source'to each primer, 200 fiM of each of the four deoxynucle- 

the first reaction station, and if directed, arriplicons to a 10 otide triphosphates and 1.5 unites of Taq polymerase 

second reaction station, as determined by said control (AmpliTaq, Perkin-Elmer). PGR was performed in a Per- 

modute. without human intervention. " kin-Elmer 2400 thermal cycler with an initial denatura- 

[0078] Alternatively, a transfer device rhay- receive tion step at 94 **C for 5 mm and cycling conditions at 94 
amplicons and be transfemBd to the firstVeaction station' for 45 sec, 60 °C for 30 sec, 72 '^C for 30 sec (2 min 

and as necesisary to a second reaction-station for trans- is for lotG target) for 35 cycles and 72 **C for 10 min for 

ferof amplicons to one or rno re secoiid reartionstat^^ the'lasf cycle. . - • 

206. : , ■ "'V. [0083] - In order to screen if Mycobacteria is present 

' ' ' ' ■ r t jo in a sartiple, a probe, designed in a conserved region of 

EXAMPLES ' ^' * ■ ' ^ "^'-'^L^ Mycobiacteria, such regionrbeing amplified by the two 

' ": ^^5^:'^ Tcv.i :r */,!Jko^ ^primers, must be prepared. In this example; a.detection:- 

[0079] - ' TTi^'^foildWiiig^ (3)aim probe^ comprising the 'sequence. 5' GATGAGCCCGCG- 

vario'us : ^mbodirnents^^^ pire^erit ihyeritiSnLATfi'e -'^^ GCGTATGAGCTTGTTGGT 3* allows- the screening, 

exarfiples shall n6t be' cbnstrued 'as nmitihg"tK^e^im)eH-"^ Aftef denatu ration of the PGR fragment by heat or alka- 

tion fo thesis *^rfibpdirneh#b^^ cfefirieH-s'ol^y'faythe^"' . line'treatment, hybridization of the amplified fragment to 

clairris^Wdnpludihg this sp6c'rficatl8h' a^^ 'ihe - labeled probe (as described in Nucleic Adds 

ther^bf^^^ ; ;^ i;^ ^ ' ' ^ ! ' ' ■ • ^ = Research, Voi;26, pp 2150-2155 (1998) the analysis of 

'* ' * ' ' ' * ' - rr. 'r:p* ;-; SCs ^^ •.• . the fluorescent signal indicates Mycobacteria sp»sies 

ExampleT f":^ " ''^ ^'^^f ''^ '^'^^ are present in the sample. ■ z • . . 

^ ' ' ''j ' ' ^ ' ' ' r . .-^ij-: [0084] ' When the screening procedure was positive, 

[0080] ' ^Anfiplific^ibVof aboriservedre^^ the pronioter-tagged PGR annpficons were used for 

bactenaTis-iieifoiTO^ a teist ^mnple iri^a iArstte^ generating labeled single-stranded RNA targets in vitro 
reaction station. Nucleic acid sequeiices' are'ti^cribed transcription. Each 20 jxl reaction contained, approxi- 

In US, Patent^ 5,547,842 {Hogan)r 5.643,723 (Pehs- ' mately 50 hg of PGR product, 20 U of T3 or T7 RNA 

ing);' 5,589,585 (Mabilat); 6;702]317 (Mabilat^ arid • ■ polymerase (Promega), 40mM Tris Acetate, pH 8.1, 100 
5.849,901 (M^ilat). ' '"^' .'^ ' ' ' "".'^ r|-:t r,:; j;-.. ^ Mg(acetate)2, lOmM DTT, 1.25 mM each ATf^ GTP 

[0081] For isolates, one ortwa ifres% and ^GTP,' 0;5mM UTP aind 0.25mM fluorescein-UTP. 

nies of bacteria (3-5 mnri diameter ica 1 (fi Bacteria) were ; * ' - The l-eaction was carried out at 37 °C for 1 hour, fn vitro 

scraped on thl^ Vnd of ia;^pbtula and resuspended fri'"' '3 transcribed RNA was fragmented either by adjusting the 

250 ^! of sterile water i^ mf Eppehdorf'tobe. fofil ''^''- concentration of MgGl2 to 30mM and Heating at 94 °C 

nucleic, acidfe' wefe rei^^ for 3b irtln or by'incubation with30mM MnGl2 and 30mM 
vortexihg the^bpcfe ^d^p^^nsfc^^ ttft^ prl^feffo^fef imnitdSzble at 65^C 'for 30-miri. The efficiency of frag- 

glass laeada 'a 3^,^^^^^^ of thi' tysate; wi^ mentatidri was'analyzed by denaturing PAGE. - r' 

directly to the'PCFV^^ [0085] ' -An - anay filing strategy similar - to> that . 

mid DNa!; was 1^^^ desdrfbed in ;i>.S.'5,837,832 (Ghee) was used to identify.: 

hypeiwjable '^''^^^^ ; PCR^^pIffi '^S^inS^^'^fe flie slequehces differentiating tlie'^y^^^ 

Mycx^bacteMrri^ gepus pnmlriP(f)(^^^ afiq^^'^' des*&d''tfie*->pi3B mutations.* For every base within* a'> 

394-41 6 * on We; given reference sequence, four probes of equal lengtii 

M20^0; *Gehbank,'TB' ampfibdn si2(fe^fe'^'2b2'^bp)l^^ '^^ are synthesized on the array. The intemogated base is 

primejs also contguned either a b^ centrally located within the probes, which also have 

prompter sequence #t ]^ 'common 3' and 5' temiirii. One probe is an exact com- 

cactaaagggAAC^^ ^ffil*"^"*"^ plement'td' ttte reference sequencie, while the three: 

T7-M2 ' S-~- [ \ S'-gtaatacgkirtbactatap^^ other' probes -r^resent the possible single base mis- 
GGGfcdGAcAcCCTCTCA"/(5^^^ i^f matdhes to the inten^gated bas^^. Base cells are deter- . 

lowercaseletfeV, mycpbacke'ria" s^qd^ lil iippefe mined by ''dom'parihg fhe^ hybridization ^intensity* of a . 

letter). The' MJ fii&n^^ Tabejed target to- the'- four probes. -Fbr-the -16S rRNA • 

using^ l\)nO(.^^2M^^ 29&^'l^':pnr^ sequences,' pfbBe reduridah€y was elirhinaited by syn- 

describid above,! ah d taiTed 'w^ promoter' '' '' thesizing probes shared by two or more referenced or.ly 

sequences! Amplificatiori'of ' the A^. ^ifdnkJihs&^^^tQ- ' once oh the' array. In additiohto the wild-type probes for ^ 
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rpoB, each rifampin -resistance mutation is represented 
by its own set of probes. The array also contains 2.2 kb 
of the M tuberojlosis katG gene sequence, which 
encodes catalase peroxidase. The probe array is 
divided into four distinct zones corresponding to 16S 5 
rRNA, rpoB antisense, rpoB sense and katG sense 
sequences. The anBy is divided into specific 50 p.m x 50 
\im units or cells over a 1 .28 cm x 1 .28 cm area, maldng 
a total number of 65,000 : different synthesis sites, A 
database of 82 unique 16S rRNA sequences was utir 10 
lized to design the array, which enables the discrimina- 
tion of 54 phenotypically distinct species. Certain 
species or taxonomic complexes are represented by 
more than one reference sequence due to the 
sequence heterogeneity observed in the region of the 15 
16S rRNA tiled on the array (i.e., the M avium- 
intracellulare complex). Also . a database of, ^rpoB 
sequences from 61 rl^mpin^resistant isolates is repre- 
sented on the array. Those sequences contain 51 
unique rpoS mutations. ; > ; - . ; • 20 

[0086] Hybridization of the probe- arrays ^were per- 
formed using the GENE CHIP FluidicsiStation*(Affyme- 
trix). One to 5 ul of the fragmented labeled: RNA-target 
were diluted in 500 ul of hybridization ^^buffer. Hybridiza- 
tion buffer 1 consisted of 4.5X SSPE (0.675M NaCI, 45 25 
mM NaH2P04, 4.5 mM EDTA. pH 7.4). 0.005% (vAr) Tri- 
ton X-1 00 at 30 C. Ruorescent signal emitted by target 
bound to the array was detected at a density of 6 by 
using the GeneArray Scanner (Hewlett Paclcard, Palo 
Alto, CA). Probe array cell Intensities, nucleotide base- so 
call, sequence determination and reports were gener- 
ated by functions available on GENE CHIP software 
(Affymetrix). A candidate selection index was deter- 
mined by the percent of homology between the experi- 
mentally derived sequence anid^ all of the reference 35 
sequences tiled on the array. Nucleic acid sequences 
are described in U.S. Patent 5,589,585. (Mabilat); 
5,702,317 :(Mabilat), and 5,849,901 (Mabilat) or are 
available on Genbank or other databases.^ to Vr., c . : r \ ; 

Example ^2 ^. - • c^- " -^o - ■/='!• - j%t:^v?t> 

HIV Analysis r::: i . • c^- ; \c bn;'/ . v: SS^. 

[0087]; , HIV nucleic acid sequences ;Useoliin,th.e,;f|r5t 45 
arrays , of the invention and specifically -::fpr:ylraU Ipad 
det rmination, have been published in Linn et eil^J CIin. 
Microbial: 36(3), pp. 835-839 (1998) and Kprber^ et:al., 
Science 280, pp 1868-1871 (1998) or are, available, to 
the public on .Genbank or other datal3ases.;,Pubiisi:)eci so 
documents which describe HIV nucleic acid Sequences 
include EP 0 345 375 (De Leys); EP 0 173529 (Wong- 
Staal); EP 0 178978 (Alizon); |P 0 181:150 (Luciw),^nd 
EP 0 185444 (Chang). U.S. Patents describing. nucleic 
acid sequences include 5,079,342 (Alizon) and. 55 
5,3^0,5m. (Alizon). See 9lsonKo?abM.te^^^ 
" ExteosJve: poiymorphisrns pbserv^d In , H IY-1 clade B 
protease. 0 gene ..using . high-density / oligonucleotide 



arrays'*, Nature Medicine, Vol. 2, no. 7, pp. 753-759 
(July 1938). . . . 

Claims 

1. An integrated instrument system for autonriated- 
nucleic acid analysis comprising: 

a) a sample processing station for providing 
r one or more target , nucleic acid sequences 

• ' from a test sample; . ^. 

- b) a first test reaction station for performing a 
. . ffrst;:hybridIzation. reaction on one or more of 
said target nucleic acid sequences or their 
complementary sequences, said first reaction 
ccrriprising a low detection format device hav- 
li^KPg atJeast,one,to ten discrete nucleic acid 
;v >• sequences; . 

1 , ; -p). a second Teaction station for performing a 
n i second. I^bridization reaction on one or more 
|c; • u.oksa*!ditarset^nud^^ sequjencss or their 
complementary sequences; said second reacr 
tion comprising a high detection fomnat device 
b'ZB h^y^99v,gJ'^at9r ^than . one .hundred discrete 

. ^^,ld>,at;least one detector for. detennining positive 
hybridization detection signals for said target 
nucleic acid sequences or their complementary 

-i.ie sequerice in said.first pr. second hybridization 
^ f-: ^reactipris and; ^ - ^ ^ : 

e) a control, module for integrated operation of 
said instrument whereiri said module deter- 

: ^mines .the need for performance of the second 

-..^ hybridization reaction _bs^ed on the results 
. . J from §aid detector and for analysis of detection 
signals from said first and^second hybridization 
reactions. 

2- An instrument.as. described 1 .wherein said 

ujsti^^^ a second detectorfor 

cte|gctii^i^^ppsK^ 

said target nucleic acid sequences or their complp- 
mentary sequences on said high detection format 

and ^wherein said.. high ^detection ^form^t.provjdejS 

3. An instrunrient,fs4^critej^^^ 

sample processing station further comprises 
naeansc^for preparing sele^pd .target ..nucleic^scict 

4. An instrument as described in claim 1 , wherein said 
^annpie^ v.processi ng.. station , , J urther . .cornprises;. 
rneans for. perfpnning a nucleic, acid amplification 

•v^ process on saijd terget ji ucjeip,^^^ pro;^ 
vided from step a. 

5. An instrument as,described in claim 4,„wherein said.. 
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sample processing station further conprises a 
means for providing of internal control nucleic acid 
sequences. 

6, An instrument as described in daim 1 , vsrherein said s 
instrument further comprises a fluidia transfer 
means from said sample processing station to said 
first test reaction station. 



7. An instrument as described in claim 1 wherein said io 
insb^ument further comprises a fluidic transfer 
means from said first test reaction station to said • 
second reaction statiori as detennined t)y said con- 
trol module.^ ■ ' - i"- 

8. An instrument as described in clainivl wherein said 
Instrument further' conriprises ' a • •fluidic fremsfer 
means from said first test reaction statiofPtd said 
second 'reactibn' station automatically and' without 
human- ihterventioh and Without: allbwing^^- d^ 20 
between- fluids- being transferred^^and^tHi^^axfernal 
environment- * i-^^ y-^^j j<5c \*s^:'>^:^''ra\c^{noc» 

9. An instrumerft as deiscribed "in cfairn* 1. whSt^eiri said 
low detectipn format device provldeSs' riTearts-fdr per- 25 
forming a honriogenous soiiitfoh Bybridi^tidh^reac- 



5 '5. ::'*?5;L\jr 



10. An instrument as di^ca*ibecl in claim 1 whereirfsaid 
high detection fonmat device provides rnearis for 3a 
perfQrming.a matrix hybridization reactioii. - 

11. An lnstrunlent as described' in claim 5; wfieVein an 
amplification process is 'perfomried oh said target 
nucleic acid sequericiB^s)- and' Internal control 35 
nucleic acid'8equence(s)i ' 



12. An instrument as described in claim 1 , wherein said 
control rhbciule selects the iiseW^one ornficife'lilgfi 
detection formats biy iBrf'on fiieTesCilte dJ-thfe tlete^ 40 
tibrt signal(s) dtete-from' Ward finsft hybflBlzatfolVTO 

tlbri! ' ' biOs; oieic^i-r. Isijiar bir?3 

13. An ^^inistrumentJ a^ Vi^fVereirf 
said' arnplification brr'lsaid^'^^ 45 
sequences and said internal control nucleic acid 
sequehceVam^pSrforme 

1 4. Ah instrument as describetfih dainri'4T WbeVefif^aJcF 
amplification process Is selected from the' grouf? so 
consisting of: TMA; PGR; NASBA; SDA and LCR. 

15. An instrumient as described in dairn iVwKerem sSltf 
low detection fdrrfiat device' proviciei a' means* lor' 
perforirhing a matrix h^ridz'atibff feaiitibri 2330 j.q ^ 

, q-^/a rrioi* c;*jt-v 

16. An instrument as described in claim 1 wherein said 

isfi^'^a' plurality of - 



nucleic acid sequences and having a spatial den- 
sity greater than 400 nucleotides/cm^. 

17. An instrument as described in claim 1 , wherein said 
high detection format device includes at least one 

' thousand discrete nucleic add sequences.-' ' 

18. An instrument as described in daim 1 wherein said 
low and high detection formats are disposable 
devices. 

19. A method for perfonning nucleic add analysis, com- 
prising the steps of: 

' (a) conducting a first hybridization feacdon with 
' a target nucleic acid or its complementary 
• ^ sequence from a test sample; 
• \ -'(b) generating a signal from said first hybridize- 
tibn reaction; • ' - ' 

(c> supplying said signal to a control module, ' * - 
^B-^ (cQPprocessing said signal in said control mod- ' 
. .TP uie to determine whether said signal is greater 
•'^^'."'Ihan'athf^hold level; . 
-•^ - ' (e) Jn ttie event that said.signal is greater than 
- 'said threshold level, transferring said target 
nucleic add or Its complerhentary sequence to 
a device for \ ~ ' - ' . V 

C" -'(f) conducting a second hybridization reaction; 

' (g) generating a signal from said second reac- 

• 'tlor^pand':-^' c- 3 :^>^.- ^ ■ v -r; 
(h) processing said signal in said control mpd- 
'Ule to analyze said target nucleic acid. ^ ' 

20. TheTriethod of claim 1 9; wherein said second reac- 
tion corhprises* a high detection format comprising . 
greaterthan one hundred nucleic acid sequences. 

21. Themethodofcfeinfi 19; wliereins^^ - 
" tion comprises a high detection format comprising 

greater than one thousand nucleic acid sequences. ^ 

22- The method of daim 19, further comprising the 
steps of simultaneously amplifying selected target 
nucleic adid sequences and internal control nucleic ! 
acid dequeri5e>:irrig^uring a signal from sard inter-^ " s 
nah control; "co'rriparing^said internal control srgnal 
with' a threshold value for said intemal control, and ' 
rejecting said -test in the event that said- internal : 
cbrltrbl signial is^ -less then said intemal control : 
threshold valuei' ^j'^-' '"' Vi • 



high' d^^tectiori format ^-^^^^^^^-^^ 



23. A method for cbliducting ainucieic acid analysis, 
cbhiprisihg the stfeps'bff^^^ - - . --'i : , ^ - T 

amplriyihg all targef^nOcleic iacid 6equendiBS?irt 
a test sample and^'ihternaLl tibntrol sequettdes . " 
' " which' are "needed for limited and multirdetec- ■ 
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tion analysis; 

performing a limited detection analysis of one 
or more amplified nucleic acid sequences; 
measuring internal control signals and target 
signals from said limited detection analysis; 
supplying said internal control signals and said 
target signals to a control module; 
implementing a control algorithm in said control' 
module, said algorithm: 



10 



i) comparing said internal control signals 

with a first threshold value, said compari- . / ' - ' 

son determining whether* to reject said - - • 

test; and if said comparison indicates that , 
said test is not rejected; and \ ' ^ — 

ii) comparing said target signals with a . . 
second threshold; and 

transferring said one or, more previously ampli- : 2p^ ^ ^ ^ 

fled niicleic acid sequences to a*rnultf-detection / " " • 

device and conducting said' triuitMetection \ 

assay in said device. V 

24. Tlie method of claim 23, wherein each ptsajd steps 25 • ' s... 
are perfomned- automatically and without human ^ . . >: 
intervention. ' :'' ' ''"^ " . . . .^ ^r-z v; 

25. A diagnostic method for data collection from a test 
sample containing one or more nucleic and 30 

sequence on an automated Instrument comprising: ' . 'j \ 

a. releasing nucleic acid sequences from a test . ^, 

sample; ' ' , - 

b. amplifying said nucleic acid sequences to 35 / * 
produce amplicons; ' ' ^ ...Il^l '* : v 

c. providing said amplicons to a low detection , 
format comprising compiemehtairy nucleic acid • 
sequences to one' or nrtore of jaid^amplicons for "^Kk - 
a hybridization reaction; ^ SVijSDen'f 

d. detecting the presence of said amplicons " | 
hybridized by said low detection format and; 

e. determining by control algorithm a positive or v,^^ 
negative result in step c, wherein said ampli- " 
cons from step b are^furtheranalyzftd In.a high ;, ,4f,., ^"l^. a ^.-;*:).„t> 
detection format for dataiCollection/rf a posi^^^^^ 1.1:^^^ ' * W/u^m . . «^ 
result has been obtained. • . . . : - 1?i!U5l ^OSlini 

, ... . V 
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FIG. 3 



Obtain Respiratory Sample 



32A 



Amplify Internal Control (IC) and all 
: targets in panel {23s rRNA. rpoB) 



i 



32B 



Hybridize IC amplicons to Beacon/ Detector #1 
HyMdizeJ 6.s..ifiNA to Je^ton/Detecto^ 



; _ ^ ^: ^-;rn-' •V^.nr-i V - r -nv : ^ 



34 



jNon-desbijetivelyi^ • 
from Bea JOel M and #2 and Supply 
;signals to Control Module 



Control Algorithm 
40 




30 







No J 


Reject Test 


^ 1 




No i 
> 




; Result is 
. .. Negative 







Tran^f#'WrRNA'a«<f^' 
rpoB amplfcons To- ■ 
High Detection Format 



17 



EP'1 045 036 A2 



FIG. 4 



Obtain HIV Sample 



32A 



1/ 



Amplify Internal Control (IC) sequence, conserved 
sequence and Polymorphic sequence o . J 



I 



Hybridize IC amplicdns to Beaccn/ Detector#1- — 
Hybridize conserved sjequenre afnjp^^^ 



32B 



1, 



34 



i Npndestmcd^^ — ~- 

from Beaedri'Detedb 
supply signals to Qontrol Moduie 



11 M,T.il-, 

■■-I .i. ......... i ■■ 



Control Algorithm 
40 O 



31 




50^ 



TranWer amplicoris'from 

~" " To Hip DeteeofTF^oii t „ j 



60 



I 



Report riRNA level and (jenotyRg ! 



sequence analysjsec ^'is ? 



18 



EP 1 045p36rA2 



FIG. 6 



120 



Sample 
preparatioo 



122 




130 



Detect. 



129 



128-7 



Panel inventory 



, First Reaction 
■Station - 



'132 




1.46 



148 J 5Q.D...^ 



n 

138 



'Control 
module 




143 



142 

H34 



— 'Se<^nci-R9action. 
Station,!. 





"0- 



7 * t I 



J ■ 



user interface 



.140 



. . ; ^ . , ' . 

'203—^ ; V ■ 204 




206—) 



• 208L I ■ 



210. 



j_ "Control 



— ■4 



. -'tit Detector 



-208 



Multidetection 
■C=2f^ Reaction 
Station 



I 



Mullidetector 



2^ 










inlerfaca^; 







~1 



20 



EP 1 045 036 A2 




19 



